34   IV. RECAPITDL, OP CERTAIN PEINCIPLES OF RATIONAL MECHANICS.
equations of motion are unaltered by writing -dt for dt, that is if tbev only involve even powers of dt in the differential coefficients. Thus motions uniquely determined by the differential equations m x
(66)
are reversible, while those determined by
(56)                         7£ + «3? + 6*-°
are irreversible.1)
The equations of rational mechanics always represent reversible motions, provided that (1) the kinetic energy is a homogeneous quadratic function of the velocity or impulse coordinates and (2) that the external .forces are functions of the position coordinates^ only. To prove this it is most convenient to take the equations in the form
41. Physical unreality of reversible processes. In Nature all phenomena are irreversible in a greater or less degree. The motions of the celestial bodies afford the closest approximations to reversible motions, but motions which occur on this earth are largely retarded by friction, viscosity, electric and other resistances, and if the relative velocities of the moving bodies were reversed, these resistances would still retard the relative motions and would not accelerate them as they should do if the motions were perfectly reversible.
Irreversibility may be either statistical or actual. If the molecules of a body form a rational dynamical system satisfying the conditions of § 36, the changes which take place would be perfectly reversible, if in reversal, the velocity of every molecule of the system were reversed. As however it is impossible to control the motions of individual molecules, the phenomena which can be observed in such a system by means which we are able to command may take the form of irreversible , effects. In such a case the system is statistically irreversible. On the other hand if the motions of the ultimate parts of the system (atoms or molecules) are themselves irreversible we
dx •1} When -jj* is positive  equation (56) . represents the motion of a particle
under a force to the origin varying as 4he distance, subject to a retardation varying as the square of the velocity. But in a resisting medium the motion is not uniquely defined by equation 55 for as soon as the velocity becomes negative the equation of motion is changed to
(56a)                                        -ame for all pairs of grains.
